Abstract Inflammatory myofibroblastic tumor (IMT) is a rare lesion of undetermined pathogenesis characterized by proliferation of spindled myofibroblast cells in a collagenized inflammatory background. It is usually benign but may show local infiltration or, in rare cases, metastasis. IMT has been observed in almost all solid organs; however, involvement of liver is exceptional. Its symptoms and radiological findings can mimic malignancy and pose diagnostic difficulties. The authors report the case of a 43-year-old woman with noncirrhotic portal hypertension and gall stone induced acute pancreatitis having a mass in the right lobe of the liver which was initially diagnosed as focal nodular hyperplasia on imaging but proved to be inflammatory myofibroblastic tumor on pathological and immunohistochemical examination. The lesion resolved with conservative management without the need for surgical intervention.
Introduction
Inflammatory myofibroblastic tumor (IMT) is an abnormal proliferation of mesenchymal spindle cells admixed with variable inflammatory component [1, 2] . Its exact etiology remains obscure and multiple factors including infection, chemo-radiotherapy, vascular diseases, chronic inflammation and autoimmune disorders have been hypothesized in the pathogenesis [3] . Traditionally considered to be a benign lesion arising as a result of exaggerated response to tissue injury, it is now generally accepted that IMT represents a distinctive neoplastic entity which may demonstrate a locally aggressive behavior [1, 4] . Originally described in the lung, IMT has since been encountered in multiple other locations, most commonly the mesentery of the small intestine and omentum predominantly in children and young adults [2] . Although hepatic involvement was first described way back in 1953 by Pack and Baker [5] , literature is sparse on the subject and limited to a few anecdotal case reports and retrospective reviews signifying its rarity [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Herein, we present a case of hepatic IMT in a patient with non-cirrhotic portal hypertension (NCPH) and biliary pancreatitis masquerading as focal nodular hyperplasia (FNH) which showed spontaneous regression on follow-up imaging.
Case Report
A 43-year-old woman presented to our out-patient department with complaints of intermittent upper abdominal pain, fever and generalized weakness for one and a half months. She had an episode of acute right upper quadrant pain radiating to back 2 months back for which she was evaluated at another institute. An ultrasound at that stage had revealed features of acute calculus cholecystitis with associated mild acute pancreatitis. In addition there was imaging evidence of extrahepatic portal vein thrombosis with portal cavernoma formation and moderate splenomegaly. This acute episode had subsided within a week with conservative measures but a week later she started having intermittent spikes of moderate to high grade fever with chills and recurrence of upper abdominal pain with which she presented to us. Physical examination was essentially unremarkable. Laboratory investigations revealed a mildly elevated white blood cell count of 12,700/ μL (normal range-4000-11,000/μL) with segmental neutrophilia (83 %, normal range-40-75 %), elevated erythrocyte sedimentation rate (ESR) of 120 mm/h (normal value-0-20 mm/h), and hemoglobin level of 8.1 g/dl (normal range-12-15 g/dl). The liver function tests were mildly derangedtotal serum bilirubin-1.7 mg/dl (normal range-0.3-1.2 mg/dl) with direct bilirubin of 1.09 mg/dl, aspartate aminotransferase and alanine aminotransferase values of 57 IU/L each (normal range-of 5-40 IU/L and 7-35 IU/L respectively), serum alkaline phosphatase value of 135 IU/L (normal range-32-92 IU/L) and serum albumin of 2.9 g/dl (normal range-3.5-5.2 g/dl). Serology for hepatitis markers was negative. Magnetic resonance imaging (MRI) of abdomen showed attenuated main portal vein and its second order branches with portal cavernoma formation, multiple perisplenic and peripancreatic porto-systemic collaterals, moderate splenomegaly and normal liver outline consistent with extrahepatic portal venous obstruction (EHPVO) leading to NCPH (Fig. 1 ). Pancreas and gall bladder were normal. However, a solitary welldefined lobulated T2-hyperintense lesion showing a central T2-hypointense stellate scar was noted in segment VII of right lobe of liver measuring about 6.3 × 5.1 × 6.0 cm (Fig. 2 ) which was not seen on the previous ultrasound scan done outside. Possibility of FNH was suggested based on imaging features. However, since no evidence of cholecystitis or pancreatitis was seen on the MRI to explain the patient's symptoms of fever and abdominal pain and the fact that the lesion did not have a typical central stellate scar, biopsy of the lesion was performed which revealed dense myofibroblastic proliferation and neovascularization with collagenization and infiltration by mixed inflammatory cells including neutrophils, eosinophils and small lymphocyte cells showing smooth muscle actin positivity (Fig. 3) . The findings were consistent with inflammatory myofibroblastic tumor. Her serum tumor markers were within normal range. The patient was managed with conservative measures and on 2-months follow-up there was near-complete resolution of the lesion (Fig. 2) .
Discussion
IMT is an entity with uncertain etio-pathogenesis and biological behavior. A reflection of this is the various names by which it has been referred to in the literature including inflammatory pseudotumor, pseudosarcomatous myofibroblastic, or fibromyxoid lesion, and plasma cell granuloma [4] . The common denominator in all these lesions is abnormal spindle cell proliferation intermingled with a variable inflammatory component [1] . It is controversial as to whether these are neoplastic or reactive pseudotumoral lesions. A review of recent literature indicates that these should best be considered benign neoplasms with a potential for local invasion and in rare cases metastases [1, 4] . In up to 60 % of cases, IMTs are associated with a gene rearrangement involving the anaplastic lymphoma kinase (ALK) gene at chromosomal locus 2p23 [2] .
IMT is most commonly described in the lung and abdomen of children and young adults, but it can also be found in the central nervous system, salivary glands, larynx, bladder, breast, spleen, skin and liver [1, 2] . Although multicentricity has been described, hepatic IMTs are usually solitary and occur predominantly in the right lobe of the liver. Rarely, other hepatic locations such as the Spiegel lobe and hilar region have been reported [3] .
Patients with hepatic IMT may be asymptomatic or may present with right upper quadrant pain, fever, jaundice, and, occasionally, obliterative phlebitis [1] . Laboratory findings include leukocytosis, anemia, thrombocytosis, polyclonal hypergammaglobulinemia, and elevated ESR and C-reactive protein [14] . Occasionally slight elevation of liver enzymes may also be noted.
Radiological features are non-specific and it can mimic hepatic abscesses, benign hepatic tumors (FNH, adenoma), malignant liver tumors (hepatocellular carcinoma, cholangiocarcinoma, lymphoma, metastases) and granulomatous lesions (tuberculosis and sarcoidosis) [2] . Computed tomographic scan usually reveals isodense to hypodense lesion relative to skeletal muscle with variable contrast enhancement and occasional calcification. Variety of enhancement patterns have been noted including early peripheral, with delayed central filling; heterogeneous; homogeneous; and no enhancement. Larger lesions may have central necrosis. MRI usually shows a T1-hypointense and T2-hyperintense lesion with a thick-fibrotic rind that may show delayed enhancement [7, 9] .
Owing to the non-specific clinical presentation and radiographic and laboratory features, diagnosis by non-invasive means is often challenging. Percutaneous tumor biopsy can usually suggest the diagnosis in the appropriate clinical setting. Macroscopically, the lesion may be single or multiple with dimensions up to 25 cm. Histologically, it is characterized by the presence of proliferating fibrovascular stroma consisting of spindled myofibroblasts variably infiltrated by a heterogenous population of acute and chronic inflammatory cells mainly consisting of plasma cells, lymphocytes and occasionally histiocytes [1] [2] [3] .
Multiple factors have been implicated in its pathogenesis including infections, immunosuppression, radiotherapy, trauma, vascular and autoimmune disorders, chronic inflammation and malignancies [3] . Certain bacteria including Escherichia coli, Staphylococcus aureus, and Gram-positive cocci have been proposed as the causative agents of IMT of the liver. It has also been suggested that micro-organisms could seed the hepatic parenchyma through the portal vein, thus creating an inflammatory reaction with obliterating phlebitis and granuloma formation [1] . Intraparenchymal hemorrhage secondary to trauma or coagulopathy has also been propagated as a possible mechanism [1] . The high content of plasma cells in these lesions has led some authors to suggest an immunological origin of this disease [1] . The precise etiology, however, remains uncertain.
The association of cholelithiasis and pancreatitis and hepatic IMT has been described in only a handful of case reports [15, 16] . It has been proposed that the presence of gall stones could facilitate entry of enteric bacteria into the portal circulation, which might then result in an inflammatory response and possibly an IMT.
Another point of interest in the current case was that the patient was suffering from NCPH due to EHPVO. FNH is commonly associated with NCPH [17] . The lesion seen in our case was hypointense on T1-weighted sequence with a central hypointense scar and hyperintense on T2-weighted sequences (Fig. 2) . However, the central area was not hyperintense on T2-weighted sequences as is expected in cases of typical FNH. With these findings in background of NCPH a provisional diagnosis of FNH was made. But, since the clinical picture (fever and abdominal pain) and MRI findings were not typical of an FNH we went ahead with a biopsy of the lesion which revealed the lesion to be IMT.
Because partial hepatectomy in non-cirrhotic livers carries low morbidity and mortality, surgical resection is considered by many as the treatment of choice for IMT [1, 10] . However, few recent studies have emphasized that these patients can be managed medically and surgical resection should be reserved for cases where diagnosis is unclear or the patient is not responding to medical treatment with progression of disease or symptoms. [6, 7, 14] . Our case was also managed conservatively and a follow-up MRI after 2 months showed marked reduction in the size of the lesion with an area of capsule retraction.
In conclusion, definite diagnosis of IMT on imaging may be difficult; however, it should not prevent radiologists from considering IMT in the differential diagnosis of solitary liver lesions in patients presenting with clinical and laboratory features of active inflammation. The current case also illustrates that although clinical and molecular features may not predict biological behavior, indications for surgery must be carefully assessed in each case and a trial of conservative therapy is worthwhile as the tumor may regress spontaneously. Thus, early and accurate recognition of this entity with either clinico-radiological features or image guided biopsy can help individualize management of patients and avoid unnecessary radical surgery.
